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ABSTRACT
The paper examines wind conditions along a 168 m long horizontal line perpendicular to a suspension bridge main
span. The wind velocity data were recorded by a pair of continuous-wave Doppler lidars (short-range
WindScanners) installed on the bridge deck. The measurement data are explored in terms of the mean wind speed
and mean wind direction along the approach line upstream of the bridge, in a complex fjord environment. The
spectral characteristics of turbulence along the line are investigated and discussed in relation to the limitations in
the performance of a continuous-wave lidar at increasing distances from the monitored area. Wind characteristics
observed by the lidars are compared to those derived from sonic anemometer data recorded above the bridge deck
at the midspan.
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1. INTRODUCTION
In the past decade, optical remote wind sensing for the assessment of wind conditions in
relation to bridge design has been introduced. Several measurement campaigns (Cheynet
et al, 2017a; Cheynet et al, 2017b; Ágústsson et al, 2018) have demonstrated the
functionality of long-range pulsed lidars to remotely (from shore) monitor the wind flow
above the water surface. Such observations are vital to link the wind conditions at the
actual bridge site to those observed by anemometers on land.
Continuous-wave Doppler wind lidars have smaller sampling volumes at shorter
measurement distances than pulsed Doppler lidars. Smaller sampling volumes introduce
a complementary capability to observe wind flow around an existing structure in greater
details (Mikkelsen et al, 2017). Further information on the local wind conditions as well
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as data on wind-structure interaction can thus be gathered. The present paper explores a
data set acquired during a measurement campaign in 2014, where synchronized shortrange WindScanner lidars were installed at the Lysefjord suspension bridge, which has
a main span of 446 m. The overall measurement setup has been previously described in
(Cheynet et al, 2016; Cheynet et al, 2017c). The publications focused on the coherence
of the incoming flow for separations along the bridge span and the mean characteristics
of the bridge deck wake. The present paper examines additional data acquired during the
same measurement campaign, that has not been published so far. The data concerns the
inflow conditions at distances up to 13B upstream from the deck, where B=12.3 m is the
deck width.
Fig. 1 (left) depicts the measurement setup with two continuous-wave Doppler wind
lidars, jointly overlooking a 168 m long horizontal line perpendicular to the bridge axis,
at the bridge mid-span. The two so-called WindScanners integrate modified ZephIR 150
lidars in a system controlling the lidars’ beam direction and the focus distance, in a
synchronized fashion. The lidars record the velocity along the line-of-sight in a “thin”
bell-shaped volume centered at the focus distance. The thick blue markups in Fig. 1 (left),
indicate the size of the sampling volumes, at selected distances, in terms of the so-called
full width at half maximum (FWHM), which increases quadratically with the distance
from the lidar. The measurements are performed in a horizontal plane 1.4 m above the
bridge deck located 55 m above the sea surface.

Figure 1. Left: Plan view of the measurement setup with two short-range WindScanners on the bridge deck.
Thick blue lines indicate the size of the measurement volumes. Right: Mean wind speed and mean yaw angle
recorded by WindScanners and the sonic anemometer at midspan on 22.5.2014 from 12:50 to 13:00.
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2. RESULTS
The data analysis starts out by a numerical synchronization of the recorded velocity timeseries in the entire measurement domain. With a sampling frequency of 390 Hz, a
sweeping cycle counted e.g. from the shortest (x=0.5 m) to the maximum distance
(x=168 m), and back is performed once every second.
Fig. 1 (right) displays an example of the mean flow characteristics based on the 10
minutes data recorded on 2014-05-22 from 12:50. An increase in the mean wind speed,
from about 5.8 m/s at x=150 m to 6.2 m/s at x=80 m can be identified, associated with a
minor decrease in the yaw angle of β=45°, corresponding to 185° from the north. The
mean wind speed increase is understood to be due to a narrowing of the fjord inlet at the
studied location.
For distances smaller than x=80 m, a reduction in mean wind speed to about 5.8 m/s at
x=25 m is observed, as well as an additional reorientation of the flow to a yaw angle of
40°. Closer to the bridge, within two bridge deck widths upstream of the bridge, a
significant increase in the mean wind speed is evident. The flow speed-up recorded 1.4
m above the deck, which likely reflects the flow interaction with the deck, is associated
with an increased measurement uncertainty, related to a high angle at which the sampling
volumes intersect (around 120°). A smaller distance between the lidars in a dedicated
measurement setup (see Fig 1, left) would facilitate observations of the wind-deck
interaction in greater details, with a lower uncertainty.
Fig. 2 presents the power spectral density of the turbulence components along and across
the mean wind direction. The turbulence frequency distribution captured by the
WindScanners is shown for three distances from the deck as a function of the wave
number 𝑘1 = 2𝜋𝑓/𝑈. The plot also includes the spectra based on data recorded by a
sonic anemometer at the bridge midspan, 6 m above the deck (Snæbjörnsson et al, 2017).
While the spectral content derived from the lidar measurements and the sonic data are
in an overall agreement, an attenuation of turbulence components for wave numbers
above 𝑘1 = 0.1 by the WindScanners can be noted for the case at hand, except for some
noise around the Nyquist frequency. The attenuation is due to the low-pass filtering
effect of the sampling volume (Angelou et al. 2012), which will be studied further based
on an extended measurement data set of a couple of hours duration. The data will be
further examined in terms of the mean flow characteristics, addressed in Fig. 1.
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Figure 2. Power spectral density of the along-wind turbulence (left) and the cross-wind turbulence (right)
estimated from WindScanners and a sonic anemometer data on 2014-05-22 from 12:50 to 13:00.
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